Met hod and Device for Produci ng Sem conductor Wafers of Silicon The
invention relates to a nethod for produci ng sem conductor wafers of
silicon, conmprising the pulling of a single crystal 5 froma nelt contained
in a crucible and the slicing of sem conductor wafers fromthe pulled
single crystal, heat being delivered to a center of the grow ng single
crystal at the boundary with the nelt during the pulling of the single
crystal, andierhogspodpBeeice forePgofduring aJamicondngtenciagsns of0'SiTlieon
‘iLnvention also relates to a device for carrying out the method. Such a

met hod is also known as an MCZ nmethod, because the single crystal is
produced acdbedilifyensieher€hdedt afek methed £o5 anadveEgreseniconsussssd to
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COOled’15he%n§léﬂ%o%éthQﬂ§té£ﬂﬁgéa\@&la magnetic field. Magnetic £fields
have already been used for a long time in order to be able to
influence melt flows. In the industrial fabrication of silicon

" gsingle crystals, horizontal magnetic fields or so-called CUSP
fields are particularly often used. JP 61-222984 claims a

20 device for pulling single crystals according to the Czochralski
method while imposing a static magnetic field in the melt,
which optimizes the temperature distribution in the melt and
dampens convection. The CUSP magnetic field is generated by
mutually opposite magnetic coils with the same polarity, which

25 are arranged coaxially with the pulling axis of the single

crystal.,

DE 103 39 792 Al describes MCZ methods for producing single
crystals of silicon, which are optimized in respect of their

30 defect properties. The focus of attention lies on intrinsic
point defects and their aggregates, as well as the Voronkov
model which allows predictions regarding the formation of such
defects. In the case of intrinsic point defects, distinction is
made between interstitial silicon atoms (interstitials) and

35 vacancies. If point defects enter supersaturation when the
single crystal is being cooled, then silicon interstitials will

form aggregates which can be detected in the form of



form aggregates which can be detected in the formof 2 dislocation |oops
(A-swirl defects, LPITs) and snaller clusters (B-swirl defects). In the
event of supersaturation, vacancies formvacancy aggregates (voids) which,
depending on the detection nethod, are referred to inter alia as COP
defects 5 (crystal originated particles), FPDs (flow pattern defects), LLSs
(localized light scatterers) or DSODs (direct surface oxide defects). It is
necessary t clisrisureibhatodde (Asemicdndatéors waPdrs) ohndi snaldrerhavesners

A-swirl defegts, j:n-t ion._r vant for. produci t he conponents, and
that they argé%éjlgsl ng%&gsg) 'por}?sie%lfg‘egg%nw dgéjf’eegtgggg éc“)glec'ns’i Q‘%CIaln«g%an t he
range of tHeomt vactore adghdgntel t(heidohpdnenmt, sdepehdigheron t8enm conduct or

vaters whi chsduddiibh hoesss ! el LBFRRESS AL Qfena el oLtk (A%,
defect-free or perfect, even though therr crystafil attirce general Fy
cont ai ns Snal9wistedbrodeddratebmagtislent r IFRRs délow patbenrh defisessdf defect.

pccording t a.idie (YBEQN: &V MRt Daket O AN eBPBOLAL LA &l da¥Be whi ch 1 s

i ncorporated in excess into the crystal lattice en pu g the single
crystal depéetitisieesgénetal 1 yItord st RECREBRBY OO teurputhahgtiaate V, at which

the single casicahdhscoml bt @R the: 20, lde o8nd-Lhe 1 eimrialurg gradi ent

G perpendicul ar, to the phase boundary between the grow ng single crystal
and the nel t£e9n FRESYAT F FaPredBelBy Bhe rqoreeaPnEat i @nd tHat &he¥xeess of

silicon font efsstiiddeaks pSssiRd F cbb hbfe&id tircak 5aLEO1iss @XeeRdegdngt hen
t he vacancies_predom nate. If there_is an excess 25 of vacancies, the size
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commensur at edrywssadl Lett s tdemearalllyg Wolkdies srallteer COP ddecard bkcal ratio
and the.ﬁ@stéﬁiéih%e%gggéféé¥‘ %%%ﬁtypes of defect. According to the Voron-
kov model, that intrinsic point defect type which is
incorporated in excess into the crystal lattice when pulling
the single crystal depends essentially on the ratio of the
pulling rate V, at which the single crystal is pulled from the
20 melt, and the temperature gradient G perpendicular to the phase
boundary between the growing single crystal and the melt. If
the ratio falls below a critical ratio, then an excess of
silicon interstitials is created. If the critical ratio is
exceeded, then the vacancies predominate. If there is an excess
25 of wvacancies, the size of the COP defects being formed depends
esgentially on two process parameters, namely the
aforementioned ratio V/G and the rate at which the single
crystal is cooled in the range of from approximately 1100°C to
1000°C, the ﬁucleation temperature of voids. The COP defects
30 are therefore commensurately smaller as the ratio V/G lies
closer to the critical ratio and the faster the single crystal
ig cooled in said temperature range. In practice, attempts are
therefore made to control the two process parameters when
pulling the single crystal, so that the defects created by
35 supersaturation of vacancies remain small enough not to
interfere with the production of electronic components. Since

the structure widths of the components decreage with each



is cooled in said tenperature range. In practice, attenpts are therefore
made to control the two process paraneters when pulling the single crystal,
so that the defects created by 35 supersagurati on of vacancies remain snall
enough not to interfere with the production of electronic conponents. Since
the structure wdths of the conponents decrease with each 3 generation, the
defect size which can still be tolerated decreases accordingly. OMng to
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by higher cooling rates (in the tenperature range of th
which “give rise to 0SF defects (oxidation 1nduced stacking
15 faults). The presence of a zone with such seeds (0OSF zone) is
usually detected by subjecting a semiconductor wafer, sliced
from the single crystal, to oxidation in wet oxygen at about
1000°C for a few hours so that OSF defects are formed. Since
this defect type is likewise detrimental to the functional
20 integrity of electronic components, endeavors are made to
suppress their  formation, for example by reducing the
concentration of oxygen in the melt sc that less oxygen is
incorporated into the single crystal than would be necessary in
order to form OSF defects. The OSF zone can also be avoided by
25 modifying V/G, for example by using higher or lower pulling
rates. The formation of OSF seeds can furthermore be reduced by
higher coocling rates (in the temperature range of the

precipitation at 900°C).

30 In the context of the invention, semiconductor wafers of
silicon are referred to as low-defect if no OSF defects are
detectable and at least 75% of the surface is essentially free
of A-swirl defects and COP defects with a size greater than 30
nm.

35
Particular difficulties in controlling the rxatio V/G result

from the fact that the single crystal usually cools faster at



precipitation at 900C). 30 In the context of the invention, sem conductor
wafers of silicon are referred to as lowdefect if no OSF defects are
detectable and at |east 75%of the surface is essentially free of A-swrl
defects and COP defects with a size greAter than 30 rim 35 Particul ar
difficulties in controlling the ratio V/Gresult fromthe fact that the
single crystal usually cools faster at 4 the edge than at the center, so
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has however een found that these neasures of radially honogenizing G are
not on their own sufficient to achieve high vyields of |ow defect

sem conduciQro MHLMS Jf5akriBE! 8RaFal Iag e 18hteln! CHEtadib PApRULRL LI
sem conductor wafers of rapidly pulled single crystals have a w de zone
wi th unaccep@In; |Grafe the phase boundary, the aforementioned DE 103 33
792 Al proposes to induce a melt flow directed toward the
15 center of the phase boundary. This is achieved, for example, by
co-rotating the single crystal and the crucible and applying a
CUSP magnetic field to the melt. The heat thereby supplied to
the center of the single crystal increases the axial
temperature gradient there and equalizes its radial profile. It
20 has however been found that these measures of radially
homogenizing G are not on their own sufficient to achieve high
yilelds of low-defect semiconductor wafers. For instance, it is
often found in particular that semiconductor wafers of rapidly
pulled single crystals have a wide zone with unacceptably large
25 COP defects at their center.

It was therefore an object to develop an MCZ method with which
low-defect semiconductor wafers can be produced with an
improved yield.
30
The invention relates to a method for producing semiconductor
wafers of silicon, comprising the pulling of a single crystal
from a melt contained in a crucible and the slicing of
semiconductor wafers from the pulled single crystal, heat being
35 delivered to a center of the growing single crystal at the
boundary with the melt during the pulling of the single
crystal, and a CUSP magnetic field being applied to the melt so



25 COP defects at their center. It was therefore an object to devel op an MCZ
ret hod with which | ow defect sem conductor wafers can be produced with an

i mproved yield. 30 The invention relates to a nmethod for producing

sem conductor wafers of silicon, conprising the pulling of a single crystal
froma nelt contained in a crucible and the slicing of sem conductor wafers
fromthe pll%l: ed siyg{glle crystal, heat being 35 delivered to a center of the
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t he center y@fFet-heaPhase-RRdary sesmidss focused nore strongly onto this
center. However, it has also been found that the 20 neutral plane cannot be

noved arbitrarily far upward because the tenperature gradi ent between the
edge of theysiingkase¢rystahdiand the aay@iting HBld édebiakbedbesaieshe

flatter. Nbrgov r péoflle of the ratio V/G can be equalized more
15 effectively when the neutral surface of the CUSP magnetic field
is placed as far as possible above the surface of the melt.
Owing to this measure, the melt flow transporting heat toward
the center of the phase boundary remains focused more strongly
onto this center. However, it has also been found that the
20 neutral plane cannot be moved arbitrarily far upward because
the temperature gradient between the edge of the single crystal
and the adjoining melt then alsoc becomes flatter. Moreover, if
the temperature gradient becomes too small, then the single
-grystal starts to grow in a non-round fashion. It is therefore
25 preferable to place the neutral surface of the CUSP magnetic
field so that it intersects the pulling axis of the single
crystal at a distance from the surface of the melt which lies
in the range of from 50 to 150 mm, particularly preferably in
the range of from 80 to 140 mm. The position of the neutral
30 surface can be controlled via the horizontal arrangement of the
magnetic ceoils and via the ratio of the field strengths of the
fields of the upper and lower magnetic coils. For example, the
neutral surface lies commensurately further away £from the
surface of the melt when the distance from the upper magnetic
35 field coil to the surface of the melt is greater and when the
field strength of the field of the upper magnetic coil is

smaller in relation to the 1lower magnetic field coil. The



the tenperature gradi ent beconmes too small, then the single crystal starts
to growin a non-round fashion. It is therefore 25 preferable to place the
neutral surface of the CUSP nagnetic fiekd so that it intersects the
pulling axis of the single crystal at a distance fromthe surface of the
melt which lies in the range of from50 to 150 mm particularly preferably
in the range of from80 to 14 The 03|t|on of the neutral 30 surface
can be contr%??%%?irzftﬁﬁ?QﬁN| ont&f a?P RgeMBPeOIC t He-elfageRPESE oi F&® and
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magnetic 35 field coil to the surface of the nelt is greater and when the
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where the axial conponent of the CUSP nagnetic field is zero. 5 The present
invention will be explained in nore detail below wth the aid of figures.
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tenperat 5 e crystal cools rapidly (temperature decrease per length).

Fig.lb shows the radial defect distribution to be expected
according to the Voronkov model, which is determined
essentially by the wvalue of the ratio, represented by the
20 ordinate, of the pulling rate V and the axial temperature
gradient G at the phase boundary. If this wvalue lies in the
region dencted by II while the gingle crystal is being pulled,
then the gingle crystal and the semiconductor wafers sliced
from it will be free of A-swirl defects and large COP defects.
25 The upper boundary of the region II denctes the lowest V/G
ratio, above which aggregates of wvacancies will be formed which
are larger than 30 nm. Below this boundary, only small COP
defects are formed. The lower boundary of the region II denotes
the highest V/G ratio, below which A-swirl defects will be
30 formed. Above this boundary, only B-swirl defects are still
formed. Between the upper boundary and the boundary marked by
Cerit lies the OSF zone, in which OSF defects will be detectable
if no measures are implemented to limit the incorporation of
oxygen into the single crystal. The boundary marked by Ceric
35 denotes the V/G ratio at which neither vacancies nor silicon

interstitials are present in excess.
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defects with a size of more than 30 nm for pulling rates of
about 0.38 mm/min. If the neutral surface intersects the
pulling axis below the surface of the melt, i.e. at a position
which is less than 0 on the scale shown, unacceptably large and
unacceptably many COP defects will be detected. This is still
the case if the intersection point lies in the region of the
gsurface of the melt. Only if the intersection point is raised
in the scope of the invention, sco that the supply of heat is
concentrated better onto the center of the single crystal, will
the number of large COP defects be sgignificantly reduced. If
the neutral surface lies more than approximately 150 mm above
the surface of the melt, then the single crystal will no longer

grow in a round fashion.

Preferred embodimentg of the method provide one o©or more
additional wmeasures for radially homogenizing the axial
temperature gradient G. One of thesge is that the single crystal
and the crucible containing the melt are co-rotated while the
single crystal is being pulled, and the single crystal 1is
rotated more rapidly than the crucible. When pulling & single
crystal in order to produce semiconductor wafers with a
diameter o©f 300 mm, it has proven particularly favorable for

the rotation speed of the single crystal to lie in the range of
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which is less than 0 on the scal e shown, unacceptably |arge and
unacceptably many COP defects will be detected. This is still 20 the case if
the intersection point lies in the regiongof the surface of the nelt. Only
if.the intersection point is raised in the scope of the invention, so that
t he supply of heat is concentrated better onto the center of the single
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processing to_formsilicon wafers. Another_ additional nethod consjsts in
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cited DE15I.031891§9@0§&-:J,b1m fuxdethd ohdeat inhet simgtiee outer region of the
solidifying single crystal, and therefore the axial temperature
gradient G in this region, to be contreolled very accurately and
adapted to varying thermal conditions, which cannot be done via
the distance between the heat shield and the melt surface, or
20 can be done thereby only with difficulty. Such a controlled
heat supply in the edge region of the single crystal is
expedient because the geometrical and therefore thermal
conditions vary with the length of the single crystal and the
decreasing amount of melt.
25
Preferred embodiments of the method also provide one or more
additional measures for controlling the axial gradient G, in
order to be able to produce low-defect semiconductor wafers
with high productivity. To this end, according to the Voronkov
30 model, the rate V and the axial temperature gradient G must be
raised uniformly when the single crystal is being pulled. In
general, an increase in the temperature gradient is achieved by
stronger cooling of the single crystal, for example by using
heat shields and coolers which surround the single crystal.
35 TUnfortunately, the radial profile of the temperature gradient
@{r) becomes more inhomogeneous as a result of the cooling and

the higher pulling rates. In order to bhe able to operate with



crystal's edge adjoining the surface of the nelt. In this way 15 it is
possi ble for the heat input in the outer region of the solidifying single
crystal, and therefore the axial tenperatyre gradient Gin this region, to
be controlled very accurately and adapted to varying thermal conditions,
whi ch cannot be done via the distance between the heat shield and the nelt
surface, or 20 can be done thereby only with difficulty. Such a controlled
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cool i ng and of Hdwhicgheibpal Potgekates. In order to be able to operate with 9
particulgrly high pulling rates, heat should therefore be delivered as
intensively as possible fromthe nelt toward the center of the grow ng
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| east one heaadarsow cenhealipglihey esfival ofeghéncrucible bottom. Owing to
15 the fact that the heat source 1is raised with the crucible,
additional heating power is not required because it 1is not
necessary to compensate for a power loss due to an increasing
distance between the heat source and the crucible bottom. The
centered geometrical arrangement of the heat source at the

20 crucible bottom assists of the formation of the central melt
flow, which transports heat. In addition or as an alternative

to this, the crucible bottom may be heated with the aid of a
heat source which is arranged statically below the crucible,

and which is therefore not lifted together with the crucible

25 while the single crystal is being pulled. Together with a
conventional lateral heater, which surrounds the crucible, heat

is thus preferably delivered to the single crystal and to the
melt in wvarious ways. In order to produce low-defect
semiconductor wafers having diameters of 300 mm with high

30 productivity, the heating power is preferably divided between
the heat'sources in the following way. The heating power of the
lateral heater lies in the range of from 75% to 85%, that of

the annular heat source from 6% to 12%, that of the static heat
source in the range of from 5% to 10% and that of the mobile

35 heat sgource in the range of from 4% to 8% of the total power.
The region in the crucible bottom, to which additional heat is

applied, preferably has a diameter of at most one half of the



of the crucible bottom 10 In order to achieve particularly high pulling
rates, it is preferable to use a nobile heat source which is raised with
the crucible while the single crystal isLdeing pulled, and which heats a
centrally lying region of the crucible bottom Owing to 15 the fact that the
heat source is raised with the crucible, additional heating power is not
requi red because ii i's. not necessary to conpensate for a,power. |l oss due to
an i ncr easi ng=Y 43t antE W Skeen e %@5?95% e o Eqﬁ?WFFEEibFBOB% t HE The
cent ered geonetatialaldyr aggreenic afn tdaesheagisource at the 20 crucible
bottom assists of the formation of the central nelt flow, which transports
heat. In addition or as an alternative to this, the crucible bottomnay be
heat ed wi t h The cadegrofta adleatves anediexmhpehligy areaagedwhiahi ddkl yirbetow t he
crucible,z a i i erefore no j f toget.her with th ruci_bl e. 25
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applied, preferably has a dianmeter of at nost one half of the 10 crystal
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15 desired pulling rate and the crystal diameter can

simultanecusly be achieved and maintained.

Heat i1s preferably also extracted from the single crystal by
cooling. In this way, the total cooling rate of the single
20 crystal ig influenced and the axial temperature gradient G is
increased overall. The nucleation of wvacancy aggregates in the
temperature range relevant therefor {(melting point up to about
1000C) is furthermore influenced. The higher the cooling rate,
the smaller is the size of the COPs which are formed. In
25 particular a water-cooled heat exchanger, which 18 arranged
around the =single crystal and comprises safety features as
described in EP 725168 Al, is suitable for effective cooling.
Its inner surface facing the single crystal is preferably
blackened g¢ that as little radiative heat as possible 1is
30 reflected toward the sgingle crystal. The emissivity £ of the
inner surface is preferably at least 0.75. The inner surface

facing the single crystal has an area of at least 2500 cm?.

Preferred embodiments of the method also provide one or more
35 nmeasures for controlling the oxygen concentration in the single
crystal. The oxygen concentration in the single crystal should

be controlled, and preferably low enough so that no OSF defects



5 range of from0.35 to 0.55 mimn with single crystals of silicon for
sem conduct or wafers having a dianeter of 300 nm the nobile heat source
may be omtted. The heating power of thelilateral heater in this case
preferably lies in the range of from60 to 80% that of the annul ar heat
source from10%to 20% 10 -'and that of the static heat source in the range
of from1l0%to 0% of the total powey. Conventionall ting ovver
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woul d belScondurtiine tion of these elements. As regards the oxygen
concentration, a concentration according to ASTM Standard F121-
83 preferably in the range of from 5x10Y7 atoms/cm® to 6.5x10%7
atoms/cm® is desirable if additional doping with nitrogen
and/or carbon is not intended.
20
The oxygen concentration is preferably controlled via the field
strength generated by the magnetic coils, wvia the pressure in
the pulling system and wvia the throughput per unit time with
which an inert gas, for example argon, is fed through the
25 pulling system. The oxygen content in the single crystal is
dependent on the melt flows. With co-rotation of the single
crystal and the crucible, for example, increased crugible
rotation leads to a lower oxygen content. Field strengths of
from at least 10 mT (7960 A/m) to 80 mT (63700 A/m) in the
30 region of the pulling axis in the melt, and a pressure-
throughput ratio of from 0.004 to 0.03 ombar/{l/h) are
particularly preferred. If the field strength is too low, then
the effect delivering the melt flow toward the center of the
phase boundary will be lost, the melt flow will diverge and its
35 Thomogenizing effect will no longer be exerted in the central

region of the phase boundary.



to the formation of such defects. On the other hand, there should also
preferably be enough oxygen so that sufficient 5 nucleation centers are
present for the oxygen precipitates. It 1Bs known that the formati on of
nucl eation centers for oxygen precipitates, and in turn the getterability,
can be increased by additionally doping with nitrogen and/or carbon.

Optional ly, .t herefaor.e,, dopi dditignally be.carried_out.wth nitrogen
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floww Il diverge and its onbgeni zI ng e exerted
in the dént edlso be increased somewhat, so that even smaller defects are

formed.

Fig.4 shows a preferred pulling device with which single
crystals, which provide low-defect semiconductor wafers with
20 high vields, can be pulled from a melt even by using
comparatively high pulling rates of up to more than 0.55 mm/min
in the direction a. The single crystal and the crucible are
rotated in co-rotation directions b and ¢. The device comprises
a crucible 8 which containg a melt and is surrounded by a
25 lateral heater 6. The single crystal 9 pulled from the melt is
screened against radiative heat by a heat shield 2 surrounding
it. The CUSP magnetic field is generated by two mutually
opposite magnetic field coils 5, which are arranged coaxially
with the crucible and the pulling axis of the single crystal.
30 The neutral surface 10 of the CUSP magnetic field intersects
the pulling axis at a distance d from the surface of the melt.
The distance is from 50 ¢to 150 mm. The pulling device
furthermore comprises a bottom heater 4, raisable with the
crucible, which delivers heat that is transported by the melt
35 flow 11 directed toward a center of the growing single crystal.
The axial position of the neutral surface of the CUSP magnetic

field above the surface of the melt makes a crucial



regi on of the phase boundary. 12 Fig.3a and 3b represent the influence
which the field strength of the CUSP magnetic field and the crucible
rotation with co- rotation of the singleldrystal have on the oxygen
concentration in the single crystal. Although the ratio of pressure to 5
t hr oughput co-determ nes the oxygen content, it nust however also be

selected so as.to arantee effective transport of.the articles and
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c. The, device conprjses .a crucible 8 whichecontains a nelt and is
surround@d BP L gg P heater 6. The single crystal 9 pulled fromthe
melt is screened against radiative heat by a heat shield 2 surrounding it.
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15 production of low-defect single crystals with high pulling
rates {more than 0.5 mm/min}, the distance preferably lies in
the lower part of the range indicated. The distance £ denotes
the distance between the lower edge of the annular heater 3 and
the lower edge of the heat shield 2. This distance is
20 preferably from 10 to 30 mm. The lower edge of the heat shield
2 lies at a distance g of preferably 10 to 50 mm from the free
melt surface. The greater the amount of heat supplied by the
annular heater, the smaller this distance can be kept. With the
aid of the annular heater 3 and the heat exchanger 1, the heat
25 Dbudget can be controlled expediently and adapted to the thermal

conditions which vary during the pulling process.

Example:
A plurality of single crystals of silicon were pulled under
30 wvarious conditions and processed further to form semiconductor
wafers having a diameter of 300 mm. The subseguently examined
semiconductor wafers came from various cylindrical crystal
positions, the transition from an initial cone to the
cylindrical part of the single crystal having been defined as
35 the zero position. Three groups of specimens were formed
overall, for each of which the respective process parameters

did not differ substantially except for the position of the



furthernore conprises a bottom heater 4, raisable with the crucible, which
delivers heat that is transported by the nelt 35 flow 11 directed toward a
center of the growing single crystal. The axial position of the neutral
surface of the CUSP magnetic field above the surface of the nelt makes a
crucial 13 contribution to the nelt flow 11 reaching the center in a

focused wa utrgl Pg}_{f&geao lel Uﬁa%@glé l%ligstantl ally less than the

radi us of t e single cryst reac €s the center. Oher preferred
-features of the pulling device are a 5 static bottom heater 7 by which an

outer - | yi ng, reghion alailg Bl LAl Lhaceruai Al echs gakedn and.a heat

exchanger surrounding the single crystal and prefer b y cooled with water
and bl ackerPé‘éléﬁgt Hehs nﬁélﬁg%%urﬁéﬂiétah%f wenE g5l theudnnihear mokéde e o whi ch

an edgesof Hdaeesi nglie Qﬁn)és@lsea@xlfo'tﬂbnglbnﬁy gglﬂ@atsmgf@aéﬁ%tame alneyer
edge of the heat exchanger_ (cooler) lies at"a distance e fromthe | ower

edge of th&ikBgttshiel i wiicHheaterplefisr &by CRASt RE FAAGEARTANT MA6G% 0 200

nm  For theihglpr @ayethvs. 0fné Ovrdet £Ct ad NGHEc DENSt Abtsatiidnld Riegt® Mdlehi ng
rates (nore than 0.5 mimn), the distance preferably lies in the |ower
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15 atoms per cm?® was adjusted with the aid of the crucial process
parameters, there were actually no OSF defects. Specimen P3 had
for example an oxygen content of 4.6 E17 atoms/cm3®, with a
radial wvariation of 0.6% and a resistivity of 10 Ohmcm (radial
variation 1.1 %) and was without detectable oxidation induced
20 stacking faults {(OSF).

The examination in relation to the presence of COP defects with
a diameter of more than 30 nm was carried out in two ways: By
IR light scattering analysis with a meter of the MO-6 type from
25 Mitsui Mining and Smelting, and by electrochemical Cu
decoration (DSOD). As revealed by comparative measurements, MO-
6 and DSOD correlate. Before carrying out the measurement,
disk-shaped specimens ware taken from the polished
semiconductor wafers, with a diameter corresponding to the
30 radius of the semiconductor wafers. The position where the
specimens were taken 1s shown Dby Fig.2. Since the process
conditions when producing the single crystals were essentially
the same for each specimen group, except for the position of
the neutral surface of the magnetic field, the effect of
35 displacing the neutral surface on the defect formation can be

shown directly.



30 various conditions and processed further to form sem conductor wafers
havi ng a dianeter of 300 mm The subsequently exam ned sem conductor wafers
came fromvarious cylindrical crystal pd$Sitions, the transition from an
initial cone to the cylindrical part of the single crystal having been
defined as 35 the zero position. Three groups of specinens were forned
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carryi ng out the neasur
15 The effect achieved by raising the position of the neutral

surface of the magnetic field was that the defect-free
component of the surface of the semiconductor wafer increasged
significantly. Thig effect is exhibited even with high pulling
rates, as revealed by the following examples.

20
For the production of further single crystals, the effect of
the heat exchanger wag enhanced by positioning it closer to the
phase boundary. Owing to the c¢oncomitant increase 1in the
temperature gradient G, the pulling rate V could also be

25 increased. The defect images of the specimen group P4 and P5,
based on MO-6 measurements, show a lower homogeneity of Gir). A
corresponding reduction of the COP defects in the central
region was therefore achieved only by increasing the distance
from the neutral surface of the magnetic field to the surface

30 of the melt from +12 cm (specimen 4) to +14 cm (specimen 5).

When pulling the single crystals for the third group (specimen
6 and specimen 7), the use of the annular heater was obviated
in favor of a larger distance g between the heat shield and the
35 sgurface of the melt. At the same time, a more powerful heat
exchanger was arranged at a short distance e from the lower

edge of the heat shield in order to increase the gradient G. In



di sk-shaped speci nens were taken fromthe polished sem conductor wafers,
wrth a dianmeter corresponding to the 30 radius of the sem conductor wafers.
The position where the specinmens were taken is shown by Fig.2. Since the
process conditions when producing the single crystals were essentially the
sane for each specinen group, except for the position of the neutral
surface of e magnetic,field . the effect of 35 displacing._th ut r al
surface on %E&Sde Lt ggﬁnﬁyf Ean B gﬁoﬁﬁ“i?réﬁ?lﬁpcfgasggegﬁﬁ%h Pl to
P3 of the fHegevgroupncanerézon shewd yiqul hedbgesiingltéonr yst albe. ¢Spédienens P1
and P2 show3.fegion gl bhe fentgn,.in yhi a 008 defects gade vi sl ble by
means of DS re conmon, while G¢ha regi on was no | onger det'ect edPn the
case 5 of specirpeae®l3. iOndxdersdiatdal ipreeparcatel dueadr ttiof dbes ceanebeofseba. The
defect igag t eci and r r [ 7.are~

hi ghl i ghtggdgf‘ﬁg%:i é’ta’g‘%a?%fy ?‘%E%?{’é’%gagép o'%ﬁkgp%%?@ncgtﬁ gﬁ%%’%’%@e‘gﬁﬁt tor 6

i nt er secti opeasprefents nenly alinsyefatey othehadiGUSRegnghean ctheengutiralat +9
cm above the $UELACE Ofel NEAB! fc ANAIDALIGLL drhhe LENYRe AEERr ¢irBY L0
the invention. For the other two specinens Pl and P2, the axial position of
the neutral *38rPace | &§PedimeRe Hel £o (16 Scriy™ of SREFHMN v 7 bellGRIENES URT ace
of the nelt sfyhifigmy AauTheorf bectnachirevedeby s@Hesi ng the position of the
neutral __surface of the magnetic field.was that the defect-free conponent -
of the dBrface of the semconductor wafer increased significantly. This
?f }‘ Fct_ is emhéb:d\%ia%el;raddubﬁ mj@hépgl Inicieg firngi@&ﬁnas gxe»c@aberabﬁmFIaersh

ol | owi ng ex es. or. the.production urfher si e crystals, e
ef fect of VﬁgghéﬁpjéfghdﬁﬁérSﬁgggﬁnﬁaﬁﬁéﬁgﬁy iFﬁ%nfﬂ%kFF cHoEES t8%the
phase boundapgcifishfigPl aof Pe epacemiizanizedncnetlse fdlidwdngt eapeeat ure
gradient G the pulling rate V could al so be

15
Crystal specimen Pl P2 P3 P4 P5 Pe6 P7
Crystal position 450 420 450 220 210 400 380
[rmm]
{2) Pulling rate 0.38 0.38 0.38 0.57 0.57 0.72 0.71
{mm/min]
{b) Crystal 8.5 8.5 8.5 7.2 7.2 8 8
rotation [rpm]
{(c} Crucible 4 4 4 3 3 4 4
rotation {rpm]
{d) Position of - 16 - 1.4 + 9 + 12 + 14 |+ 10.5}1+ 11.5

the neutral
surface of the
magnetic field
[cm]

{e) Distance from 195 195 155 45 45 45 45
cooler - lower
edge of heat
shield [mm]

(£) Distance from 24 24 24 24 24 - -
ring heater -
lower edge of heat
shield [mm]

(g} Distance from 35 35 35 25 25 50 50
lower edge of heat
Ishield -~ melt [mm]

Power of ring 10 10 10 12 12 0 0
heater [kW]
Power of crucible o 0 Y 4 4 7 7

bottom heater [kW]




25 increased. The defect images of the specinmen group P4 and P5, based on

M2 6 neasurenents, show a | ower honopgeneity of r). A corresponding

reduction of the COP defects in the centgal region was therefore achieved

only by increasing the distance fromthe neutral surface of the magnetic

field to the surface 30 of the nelt fron1+12 cn1(speC|nen 4) to +14 cm
O u

(speci men S5y—Wren—putt+rg—t nc,,.nyn'
(speci nmen egtsg§0|nen 7),| #8%:
favor of a lader dlolance,)

the melt. A SaRE T e

a short dis

increase the gradient G In 16 this way, the pulllng rate V could be

i ncreased further. However, an increased need for honogeni zation of the
gradient Qr) was found. The power of the nobile heat source was

ibncrgased i%n\ﬁéﬁeﬂ%t ehdeIdiéa\f_fer:tmzuiregbeats.tl;bmrséI htiagenireradf thees, phasﬂghl
oundary. As_shown efect .| nages bas n MO 6  neasurepents, only

i ncreasi ng & g?%?a%%ep??o%ﬁﬁqﬁ?lnéﬁgﬁﬁFe ?nggEem%$n??ﬁarﬁiﬁﬁ§n1§a%ﬁega to

t he surf &ce aofsihéfiredit framctitt Dfcrhesperi Hefie®) teEyidil.d: cthe spEecieren 7)
| eads to a %lgﬁlflcant %Fd ction.of the COP defect zone. -p 10 The average

val ues of tK& NOSt 5rgc£%s parameters when pulling -the single
crystals and the defect |nages of specinmens P1 to P7 are summarized in the

followng table. 15 rystal specinen P1 P2 P3 P4 P5 P6 P7 Crystal position

450 420 450 220 210 400 380 [mm] (a) Pulling rate 0.38 0.38 0.38 0.57 0.57
0.72 0.71 (Mn mn]



(b) Crystal 8.5 8585 7.27.288 rotation [rpn] (c) Cucible 4 4 43 3 4
4- rotation [rpn] (d) Position of - 16 -~1.4 + 9 + 12 + 14 + 10.5 + 11.5
the neutral surface of the magnetic fieldgl i [cnm (e) D stance from 195
195 195 45 45 45 45 cooler - lower edge of heat shield [m] (f) D stance
from24 24 24 24 24 - ring heater |ower edge of heat shield [mm (Q)
D stance from 35 35 35 25 25 50 50 |ower edge of heat shield - nelt
Power of ri FGteBt16ladma» 12 0 0 eater [kW Power of crucible 000 4y 4 7
7 bottom heater [kW 17 freeectxnae COP neasurenment) S*DC0.4 Conparing
t he defect images sh at in all, cases,  a high osition of the neutral
surface of rlh érﬁé?’\,\% £ %dprag it ge’alg?rg‘?ﬂcﬁoc‘gnWaF%B%cﬂforF“(}fwPﬁe coP
def ect regi ermptritbeg cether pulfiihbe sem gonsueiiey walerall8frdat ent reiai ns:
5 contained in a crucible and the slicing of semiconductor wafers
from the pulled single crystal, heat being delivered to a
center of the growing single crystal at the boundary with the
melt during the pulling of the single crystal, and a CUSP
magnetlc field being applied to the melt so that a neutral
10 surface of the CUSP magnetic field :Lntersects a pulling axis of
the single crystal at a distance of at least 50 mm from a

surface of the melt.

2. The method as claimed in c¢laim 1, wherein the neutral
15 surface of the CUSP magnetic field intersects the pulling axis
of the single crystal at a distance of 50 to 1530 mm from the

surface of the melt.

3. The method as claimed in claim 1 or claim 2, wherein the
20 single crystal is pulled with a ratio V/G so that neither A-
swirl defects nor COP defects with a diameter greater than 30
nm are created on at least 75% of the surface, V denoting a
pulling rate and G denoting an axial temperature gradient at

the boundary between the single crystal and the melt.

25
4, The method as claimed in one of claims 1 to 3, wherein
incorporation of oxygen inteo the single crystal is controlled
so that no OSF defects can be detected in the semiconductor
wafers.

30

5. The method as claimed in one of claimg 1 to 4, wherein a
centrally lying region of a crucible bottom is heated by a heat

source movable with the crucible.

35 6. The method as claimed in one of claims 1 to 5, wherein a

crucible bottom is heated by a statically arranged heat source.



1. A nethod for producing sem conductor wafers of silicon, conprising the
pulling of a single crystal froma nelt 5 contained in a crucible and the
sliicing of sem conductor wafers fromthe pulled single crystal, heat being
delivered to a center of the growing sifd§le crystal at the boundary with
the nmelt during the pulling of the single crystal, and a CUSP magnetic
field being applied to the nelt so that a neutral 10 surface of the CUSP

magnetic fiej t i fogt g ryst .
di st ance of at east ggds aas lknggsg%rgf %%g 0 Qﬁaﬂng JtL tg. gTh@“ﬁ%ﬂ%d&a@s
cl ai med in ctigighel, cuheral nanﬁe tteut raicidl® sareéace-obtehed CUSRemaginglie

field i ntersgﬁys%atlhge%%l 856 tﬁuor%;if%afdﬂT |8, %)ésgaucﬂg & distance of 50

to 150 mmfromthe surface o e e net ho alrredln claim1l
or claim2, wherein the 20 single crystal is pulled with a ratio V/G so

t hat nei tsherg A-rrainfde ndef a6t $100he &R e S Widithsa 1diamet epngreat E}Eeatﬂ"a”
30 nmare created on at | east 75% of the surface, V denotin ul |

rate and G dehot9¥gashedxi Y teRREMEt ufEoHr atient Skgle hé’rb’égﬁélaryn be'%%en
the single cierdertarand thggaedt th%Snéclgmdfptafo@a@an@%aa@ebdate@ne of

claims 1 to 3, wherein incorporation of oxygen into the single crystal is
controlled so that no OSF defects can be detected in the sem conductor
wafers. 30 5. The neddiod ass ctBlied iih iR off daiids Lt 48, Wiskedim a&n

centrall Iy| n of, a.crucible botfomi,s h eat . source-

vabre Tt 1ok, Pk, Ri818 BV RS PR iR g s e of S TS 1 (o

5, V\/nerel n ais ¢reatelll.e bottomis heated by a statically arranged heat

source. 19 7. The nethod as clained in one of clains 1 to 6, wherein the
10. The method as claimed in one of claims 1 to 9, wherein the

semiconductor wafers have a diameter of 300 mm and the single

15 crystal is pulled at a rate of at least 0.35 mm/min.

11. A device for pulling a single crystal from a melt contained
in a crucible, comprising magnetic coils which generate a CUSP
magnetic field having a neutral surface that intersects a
20 pulling axis of the single crystal at a distance of at least 50

mm above a surface of the melt.

12. The device as claimed in claim 11, having a mobile heat
source, which heats a centrally 1lying region of a crucible

25 Dbottom.

13. The device as claimed in claim 11 or claim 12, having a

static heat source, which heats a crucible bottom.

30 14. The device as claimed in one of claims 11 to 13, having a
heat exchanger, with a blackened inner surface, surrounding the

single crystal.

15, The device as claimed in one of claims 11 to 14, having a
35 heat shield, screening the single crystal, with a lower edge
which lies at a distance of 10 to 50 mm from a surface of the

melt.



single crystal and the crucible are co-rotated, the single «crystal being
rotated nore rapidly than the crucible. 5 8. The nethod as clained in one of
claims 1 to 7, wherein heat 1is extracte#loby cooling fromthe single crystal
in the tenperature range of the nucleation of vacancy aggregates. 9. The
method as clained in one of clains 1 to 8 wherein an 10 edge of the single
crystal, adjoining the surface of the nelt, 1is heated. 10. The nethod as
clainmed in one of claims 1 to 9, wherein the sem conductor wafers have a

di ameter of 1300ThH® delé@&sSid‘l@l&ledlﬁanﬁst af thape | B0 & 15,1 alewiah ah

| east 0.35 nn1 A devi ce p ng_a s l e.crystal fron1a e
cont ai ned FR™4 %Fu%?%? ‘mfﬁﬁbrlgﬁﬁa ﬁﬁakatﬁ% 8%?%5 QhF% AEYRS

magneti c flaﬂdohavmmqj&ememﬁaaé sfirftacenetltat i ntersects a 20 pulllng aX|s of
the single crystal at a distance of at |east 50 mm above a surface of the
melt. 12. The device as clainmed in claim1l, having a nobile heat source,
whi ch heats a centrally lying region of a crucible 25 bottom 13. The
device as clained in claim1ll or claim12, having a static heat source,

whi ch heats a crucible bottom 30 14. The device as clainmed in one of clains
11 to 13, having a heat exchanger, with a bl ackened inner surface,
surrounding the single crystal. 15. The device as clained in one of clains
11 to 14, having a 35 heat shield, screening the single erystal, with a

| ower edge which lies at a distance of 10 to 50 nmfroma surface of the
melt. 20 16. The device as clainmed in one of clainms 11 to 15, having an
annul ar heat source, which heats an edge of the single crystal adjoining
the surface of the nelt.





